Previous studies (Fell et al., 1960; Roth et al., 1962) have noted the broad distribution of yeasts in waters, sediments, and particularly in association with locales characterized by high content of organic matter. These investigations demonstrated that considerable, and often significant, numbers of the marine-occurring yeasts isolated belonged to the genus Rhodotorula. In quantitative microbiological studies of a eulittoral fouling community, characterized by the presence of tube-building amphipods, lower concentrations of rhodotorulas were isolated as compared with adjacent areas (Fell and van Uden, 1963 shown to be insensitive to the products elaborated by the marine bacterium under consideration.
widespread occurrence of yeasts in the marine environment, notably members of the genus Rhodotorula, studies of a marine amphipod community revealed few, if any, pink yeasts. A gram-negative bacterium (designated AEB, a member of the genus Pseudomonas) isolated from the amphipod habitat showed marked selective ability to inhibit yeasts of both terrestrial and marine origin. Activity was demonstrated with both live cultures of the bacterium and untreated cell-free filtrates. Variously extracted and treated filtrates of the isolate have shown divergent patterns and spectra of inhibition of species of the genus Rhodotorula and of other genera.
Previous studies (Fell et al., 1960; Roth et al., 1962) have noted the broad distribution of yeasts in waters, sediments, and particularly in association with locales characterized by high content of organic matter. These investigations demonstrated that considerable, and often significant, numbers of the marine-occurring yeasts isolated belonged to the genus Rhodotorula. In quantitative microbiological studies of a eulittoral fouling community, characterized by the presence of tube-building amphipods, lower concentrations of rhodotorulas were isolated as compared with adjacent areas (Fell and van Uden, 1963 shown to be insensitive to the products elaborated by the marine bacterium under consideration.
MATERIALS AND METHODS
Collection and isolation. A fouling community, established on wooden panels submerged off the Marine Laboratory pier and populated mainly by the amphipod Erichthonius brasiliensis, was the habitat studied. The panels were withdrawn from the water and portions of the fouling growth, consisting of both animals and associated tubes, were collected in sterile containers. This material was compressed, and the expressed liquid was tested for antimicrobial activity. Sterile cellulose discs were saturated with the crude extract and placed on a nutrient medium (M-6) containing 1% glucose, 2.3% nutrient agar, and 0.1% yeast extract (Difco) in filtered Gulf Stream sea water. This medium had been surface-inoculated with yeasts common to the local area immediately prior to application of the discs. After incubation at 25 C for 48 to 72 hr, bacterial growth developed around the discs. From this confluent growth, 14 different bacteria were isolated in pure culture and subsequently examined for antiyeast activity.
Examination of antimicrobial activity. These bacteria were grown in 1 % peptone (Difco)-sea water broth, and portions of the cultures were delivered to sterile discs or assay wells placed on the above medium seeded with yeasts. The degree of yeast inhibition after incubation at 25 C for 48 to 72 hr was determined by radial measurements, in millimeters, of the cleared zones around the discs or wells. One bacterium, AEB, showed the most striking inhibitory activity and was examined further. This isolate is typical of many marine forms, i.e., a short, slender, gram-negative rod with a single polar flagellum, characterized by pleomorphism and production of a diffusible orange-yellow pigment. A detailed study of its taxonomic position isin progress; Leifson (personal communication) Culture filtrates were dialyzed against equal volumes of distilled water for 24 hr at room temperature, and both fractions were assayed. Uninoculated broth was treated similarly, and served as a control. Efforts to characterize the physical and chemical properties of the inhibitory substance included: heat treatment at 45, 60, and 100 C for periods up to 60 min; evaporation in vacuo at 25, 45, and 60 C with collection of acidand base-trapped volatile fractions; and solvent extraction of cells and filtrates with methyl ether, acetone, methanol, and ethanol. The activity of the products obtained from these various procedureswas determined by the described methods. RESULTS Zones of marked antiyeast activity, in association with confluent bacterial growth, were consistently produced by incubation of the crude amphipod extract on the isolation medium M-6. Of 14 morphologically different bacteria isolated from areas adjacent to the cellulose discs, 5 demonstrated some degree of antagonism for certain of the test yeasts. The bacterium designated AEB showed the highest degree of inhibitory activity.
None of the bacteria or filamentous fungi tested was inhibited.
The spectrum of antiyeast activity of the live bacterium and of cell-free filtrates is given in Table 1 . Extent of inhibition was determined by the well technique, since activity was diminished or lost by apparent absorption of the active fractions to cellulose discs. The yeasts employed represent a wide variety of biologically divergent forms and include isolates from terrestrial, human, and marine sources. Although, in most instances, similar inhibitory activity was caused by the live bacterium and the filtrate, two yeasts, Saccharomyces cereviseae and C. laurentii were inhibited by the bacterium but not by the filtrate.
No discernible correlation was evident between antiyeast activity of the bacterium and vitamin requisites of the test organisms , even with elevated concentrations of vitamins in the test medium.
Maximal antiyeast activity was found in filtrates obtained from 48-to 72-hr shaken cultures, whereas 7 to 8 days of incubation were required for equivalent levels of activity from static cultures. In both instances, the pH of the medium increased from the original 6.8 to 7.8. Both the live bacterium and its cell-free filtrate showed yeast inhibition when the pH of the assay medium was in the range of 3.5 to 8.0, with maximal activity between 4.0 and 7.0.
Filtrates in final concentrations of 10 to 20% in liquid Yeast Nitrogen Base with glucose com-VOL. 85, 1963 Fig. 1 . A common occurrence was the presence of a band of growth stimulation at the periphery of the zone of clearing.
In general, heat treatment up to 50 C for 1 hr did not reduce the inhibitory activity of the dialyzed fraction or the filtrates, whereas heating to 60 C for 1 hr resulted in reduction or loss of activity, and exposure to 100 C for 1 hr always produced complete loss of inhibition. Usually the zone of inhibition was reduced to a concentric band (2 to 3 mm wide) near the outermost region of diffusion from the well. Filtrates and dialyzed portions have retained activity for as long as 60 days when stored at 4 C. Cell-free material diluted 1:3 with sea w-ater was shown to be toxic to Gambusia sp., a marine poeliciid fish.
Little or no antimicrobial activity was found in preliminary work employing lyophilized filtrates, various acid-and base-trapped fractions from evaporated filtrates, and solvent extracts. (Klite and Gale, 1961) , soil and leaves (di Menna, 1962; Sturgen and Casida, 1962) , and the ocean (Krasilnikova, 1961; Buck, Meyers, and Kamp, 1962) , has been reported. Of 132 bacteria isolated from diverse marine habitats by Buck, 20 cultures demonstrated some degree of antiyeast activity. However, in contrast with the findings with AEB, none of the filtrates from these 20 organisms showed inhibition of yeasts. In the present work, dialysis of filtrates of AEB yielded fractions having different heat lability and spectra of activity; this suggests that there are at least two different inhibitory substances.
Features of the crustacean community itself are pertinent to the work reported here. Tubes of the amphipod E. brasiliensis are constructed mainly of sand, cemented together by waterinsoluble, polysaccharide-like substances secreted by the animal. Thus, the tube mass and the entrapped fecal deposits and detritus furnish an environment well-suited for microbial development and activity. As many as 2 X 106 bacteria per g of amphipod material (wet weight) have been found. Numbers of bacteria and yeasts within this community, as well as in surrounding waters, vary considerably from time to time.
The ecological significance of associated yeast and bacterial populations in marine habitats, especially the possible effect of such associations on numbers and distributions of marine-occurring yeasts, requires further study. The specific role of the bacterium AEB in controlling growth of yeasts within the amphipod community, and the nature of the active material(s) produced, are presently under consideration.
